Introduction
Suspended organic matter is a complex mixture of molecules such as: carbohydrates, amino acids, fatty acids and phenols, particles from wastewater and industrial water, soil organic matter and biological material like phytoplankton and other plant parts (hoPe et al., 1994) . High carbon dioxide concentrations in rivers originate largely from in situ respiration of organic carbon, but little agreement exists about the sources or turnover times of this carbon (tiPPinG et al., 1997; ankers et al., 2003) . The relative contributions of C 3 and C 4 vegetation to an ecosystem can be reconstructed using the isotopic composition of particulate carbon (d 13 C POC ), because of their different isotopic composition, which range from -32.0 to -20.0 ‰ for C 3 plants, and from -15.0 ‰ to -9.0 ‰ for C 4 plants (Deines, 1980) . Suspended organic matter in rivers is mostly derived from soil and plant material, therefore the isotopic composition of suspended organic matter (d 13 C POC ) in rivers has been used to ascertain the contribution of terrestrial vegetation and soil matter in the river ecosystems (ittekot, 1988 (ittekot, , heDGes, 1992 . d
13
C POC values are also used to indicate the distribution of vegetation in terrestrial ecosystem (GiBson et al., 1999; loBBes et al., 2000; WeiGuo et al., 2003) .
In this study the characteristics of suspended matter in the River Sava, Slovenia were studied in detail, but it has to be mentioned that details on stream major and minor element geochemistry discharge and carbonate weathering fluxes for River Sava are presented elsewhere (kanDu~, 2006; kanDu~ et al., 2007 a,b) . Seasonal data in the River Sava watershed based on investigations of dissolved oxygen and silica concentrations showed that photosynthesis/respiration processes (in stream processes) are less pronounced in the River Sava. Based on carbon isotope mass balance calculations at the border with Croatia, it was also calculated that degradation of organic mat-er is more pronounced in the late summer season. Among the biogeochemical processes in the River Sava degradation of organic matter is the most important process after dissolution of carbonates, contributing to carbon isotope dissolved inorganic carbon values (kanDu~ et al., 2007a) .
This work describes the first comprehensive investigation of suspended matter in river ecosystems in Slovenia. Investigation of suspended matter was performed in different sampling seasons according to the hydrological characteristics of the Sava basin. We also report data on d 15 N of suspended matter in river ecosystems, which happen to be scarce elsewhere in the literature. It was reported that in suspended matter d
15
N values in the Mississippi river basin ranged from -15 to + 15 ‰ (kenDall et al., 2001) .
The aim of this study was to determine the quantity and quality composition of suspended matter in the upper, central and lower flows of the River Sava through: (1) d
13
C POC and d
15
N of suspended matter in the Sava watershed in relation to different discharge regimes (spring and late summer sampling season); (2) annual fluxes of total suspended matter (TSM) and (3) determine anthropogenic impact on the River Sava in mining and industrial areas.
Area description
The valley of the River Sava extends in a NW-SE direction and comprises almost half the Slovenian territory (Figure 1 ). The area is located in the temperate climate zone (latitude 46°03' N; longitude 14°30'E) with temperate to hot summers and cold winters, with average seasonal air temperatures (data for central flow of the River Sava): from -1.3 to 0.8 °C in winter, from 5 to 13.2 °C in spring, from 16.5 to 18.4 °C in summer and from 3 to 14 °C in autumn (kanDu~ et al., 2007b) .
The Sava originates in the Triassic carbonate hinterland at Zelenci (Figure 1 , location 1) as the Sava Dolinka, and from the karst spring Savica (Figure 1 , location 6) as the Sava Bohinjka. The confluence of these two sources is at Radovljica (location 9). From there on the river is named the Sava and finishes its course at Belgrade (Serbia), merging with the Danube. At the confluence of the Sava Bohinjka and Sava Dolinka it accumulates Pleistocene fluvioglacial sediments and formed terraces. From Radovljica (location 9) the watershed is composed of a mixture of Permo-Carbonian clastic sedimentary rocks, which alternate with Triassic carbonates in the central flow and pass over to Miocene sandstones, clays and gravels on the left bank of the river in the lower part of the flow. In the Kr{ko-Brežice (location 37) area the watershed mainly consists of terrace Pleistocene sediments and from there the flow continues to Croatia. The watershed of the Sava's tributaries is composed of Triassic and Jurassic carbonates, Permo-Carbonian, Oligocene, Miocene clastic rocks and Pleistocene sediments (Buser, 1989) .
Discharge regimes along its flow are controlled by precipitation and the configuration of the landscape. Annual maxima are characteristic in spring and autumn, while minima occur in the summer and winter months. In years 1961 to 1990 annual precipitation ranged from 800 to 1800 mm. More precipitation occurs in the upper part of the flow (1200-1800 mm), from 1200 to 1600 mm in the central part of the flow and in the lower flow from 800 to 1000 mm (MESP, 1995) . Up to this study the River Sava in Slovenia was dammed only at four locations: two in the upper and two in the lower flow.
Tributaries of the River Sava collect water mainly from forest areas. The prevailing forest communities in the River Sava watershed are different types of European beech (Fagus sylvatica L.) forests depending on climatic and edaphic conditions, altitude and relief (kanDu~ et al., 2007B) .
Dense populated and larger agricultural areas are present at following areas of the River Sava watershed: Kranj (location 12), Ljubljana (location 15) and Kr{ko-Brežice (location 37) ( Fig. 1) , where also alluvium aquifers with groundwater supply are located and its main tributaries: Krka (location 38), Savinja (location 33) and Ljubljanica (location 17) (Figure 1 ). However, in the larger part of the River Sava watershed the percentage of forests and seminatural areas still sums only from 54.1 to 70.5%, except in the upper part where there is 81.7 % and the most lower part, where there is only 37.1 % of forests and seminatural areas (joGan et al., 2004) .
Methodology
Discharge data were obtained from the Environmental Agency of the Republic of Slovenia (Table 1) . Samples for characterization of suspended matter from each location ( Figure 1 ) were collected using standard representative sampling techniques (shuster & reDDy, 2001) . From each location 4 l (1 l for SEM/EDXS -scanning electron microscope/energy dispersive X-ray spectroscopy microscopy (only at locations 1, 4 and 15), 1 l for d 13 C POC determination and 1 l for d 15 N determination) of the sample were taken and then filtered through a Whatman GF/F (pore size 0.7 µm) glass fibre filter. According to the model of (Devol & heDGes, 2001) , suspended matter (particulate in continuation) may be divided into three fractions: coarse particulate organic material (CPOM, > 63 µm), fine particulate organic material (FPOM, 63-0.1 µm) and ultra filtered dissolved organic matter (UDOM < 0.1 µm and > 100 kDa). In our study a 0.7 µm pore size filter was used, which com prises coarse and fine particulate organic ma terial. Filters were ignited before sampling at 480 °C with the aim of eliminating organic impurities and then weighed. Samples for carbon analysis were pre-treated with 1M HCl to remove carbonates. Filters coated with suspended matter were then washed with distilled water, dried at 60 °C and then weighed again to recalculate the mass of total suspended matter (TSM). Samples of suspended matter from the upper, central and lower flow (locations 1, 15 and 39) of the River The isotopic composition of carbon and nitrogen in suspended matter, plants and soils was determined using a Europa 20-20 continuous flow IRMS ANCA-SL preparation module. Approximately 1 mg was weighed in a tin capsule for carbon analysis and 10 mg of sample for nitrogen analysis. The isotopic composition of nitrogen and carbon was determined after combustion of the capsules in a hot furnace (temperature 1000 °C). Generated products were reduced in a Cu tube (600 °C), where excess O 2 was absorbed. H 2 O was trapped on a drying column composed of MgClO 4 . Gases were separated on a chromatographic column and ionized. NBS 22 (oil) and IAEAN-1 (ammonium sulphate) reference materials were used to relate the analytical results to the VPDB and AIR standards. Sample reproducibility for carbon and nitrogen was ± 0.2 ‰.
Results
The hydrological characteristics of the River Sava watershed from each location, as well as the results for the mass of total suspended matter (m TSM ), d Table 1 .
Results of SEM/EDXS microscopy of filters from different locations (upper (1), central (15) and lower flow (39)) showed that the inorganic component prevailed over the organic component (Figure 2 ). The results of qualitative composition of grains (spectrum of grains represented in belonging graphs) obtained from SEM/EDXS microscopy (Figures 2 A, 2 B, 2 C) indicate that the inorganic component in the River Sava watershed is composed of terrigenic components like silica, alumosilicate minerals (clay minerals), Fe and Al oxides, hydroxides and carbonates (dolomite and calcite with magnesium) as remnants of weat hering products. SEM microscopy of filters was performed during the late summer season when only minor precipitation fall on the surface and therefore weathering processes and leaching from the surface were less significant than during the wet season, when the discharge is generally higher, and also more suspended material is determined (Table 1) .
The mass of total suspended matter in the River Sava watershed varied from 0.4 to 18.4 mg/l in late summer 2004, and according to (MeyBeck, 1981) classification falls in the lower classes (1. class from 0 to 15 mg/l, and 2. class from 15 to 50 mg/l). The mass of suspended matter is related to slope denudation processes and rises du ring the rainy season (suMMerFielD, 1991) in areas with less vegetation, higher soil thickness and steeper slopes in the watershed composed of clastic rocks (lower flow of the River Sava). The mass of suspended matter in the River Sava watershed increased in able 1. Discharge data, total mass of suspended matter (m TSM ), Figure 2. A -SEM/EDXS mi croscopy of suspended mat ter in the River Sava watershed from location 1 (Zelenci), marked grain represents a qualitative spectrum (belonging graph) of the terrigenous component composed of alumo-silicates, low content of suspended matter is observed, filter fibres represent the uncovered area of the filter, B -SEM/EDXS mi croscopy of suspended mat ter in the River Sava watershed from location 15 (Tacen), marked grain (belonging graph) indicate that terrigenic grains of pure dolomite and silicates prevail on filter, filter is coated with of skeleton in comparison to other locations, C -SEM/EDXS microscopy of suspended matter in the River Sava watershed from location 39 (Mostec): area of filter is completely cove red with terrigenic grains composed of carbonates and silicates, qualitative composition of spectrum shows that marked grain (belonging graph) is composed of carbonate.
he spring season and varied from 0.4 to 313 mg/l (Table 1) . According to the classification of (Mey- Beck, 1982) , this belongs to the fourth Class (from 150 to 500 mg/l). The highest class according to (MeyBeck, 1982 15 N values ranged from 2.8 to 6.6 ‰ in the River Sava and from 0.5 to 9.0 ‰ in its tributaries for spring 2004 sampling season (Table 1) (Table 1) .
Discussion

Composition of suspended matter in River Sava
Allochtonic sources of suspended matter in river ecosystems, besides plant and soil contributions also contain anthropogenic inputs as a consequence of municipal wastewaters, industrial and agricultural sewage (MiDDelBurG & nieuWenhuize, 1998). Autochthonic parts of suspended matter could be produced due to phytoplankton production, microphytobentos and higher plants (arteMeyev, 1996) . In the Sava channel stream bed the variety of macrophytic species is insignificant since the velocity of the water flow and the unsuitable substratum make it difficult for them to root. Therefore their primary production is insignificant (urBanc & Ber~i~, 1999) .
Suspended material in rivers is a mixture of plant litter and soil material; therefore both components contribute to d 13 C POC values (ittekkot, 1988) . In some rivers also phytoplankton could represent another source of POC (particulate organic carbon). The estimated d
13 C values of phytoplankton calculated from the d In our study an average d 13 C POC value is -26.7 ‰ ± 1.2, therefore phytoplankton could not represent the possible source of POC in River Sava.
The C/N ratio as well as d
13
C POC values can be used to distinguish sources of suspended matter because of the different C/N ratios between soil and plants (kanDu~ et al., 2007b) . According to a simple mixing model, at some sampling points in the River Sava the input of soil and plant ma terial was estimated. The proportion of soil and its d 13 C values in suspended material can be found using a simple model as follows (WeiGuo et al., 2003) :
From equations (1) and (2) C POC values can be attributed to anthropogenic sources and wastewaters (Munson & corey, 2006; Šlejkovec & kanDu~, 2005) and/or more highly decomposed organic material (Figure 3) . For a better estimate more soil profiles from different geological compositions in the River Sava watershed would provide a more reliable figure since in our case d 13 C soil was mea sured only in 4 soil samples. According to equation (3) assuming soil (1 -D) and plant ratios (D) calculated according by equation (2) and ta king into an account the average C/N ratio of plant litter of 20.3 (kanDu~, 2006) , then the calculated (C/N) soil ratio in the River Sava watershed would range from 0.6 to 13.3, which is in a higher range than measured C/N values of suspended organic matter (kanDu~, 2006) , probably due to more variable (C/N) soil ratios in the terrestrial ecosystem. This should be the subject of further investigation.
To obtain TSS flux at location Bregana (41) mass of suspended matter was multiplied with discharge data. Calculated annual fluxes at the sampling location of Bregana (41) N values are observed in the late summer season, which is probably due to lower discharge conditions and more intensive biological degradation. According to the SEM microscopy results, it can be concluded that suspended matter is mainly composed of mechanically degraded material, which includes alumosilicates and carbonates that prevail over organic material. In the Sava watershed C3 plants as well as soil material represent the most important contribution of organic matter to suspended matter in the river. The mass of total suspended solids is higher in mining and industrial areas but is diluted in the River Sava, causing no impact. The mass of suspended matter increases through the River Sava flow (in Slovenia) with increasing drainage area, and represents annually a total mass suspended flux of 1.3 × 10 12 g/year, according to the Sava drainage area of 7.9 × 10 9 g/ (year·km 2 ) at the border with Croatia. Suspended matter is composed mainly (more than 50 %) of soil organic material. Anthropogenic impact due to higher d
15 N values was traced during the late summer season, especially at the sampling point on the tributary of the Sava, which is located in an agricultural-industrial area. Generally, the Sava has a good self-cleaning capacity; anthropogenic pollution is expressed only locally.
These first results on suspended matter in the River Sava watershed represent a data base, which will help in evaluation of total suspended matter and particulate organic matter fluxes and in estimating anthropogenic impact, especially in relation to future impacts due to hydroelectric power plant construction in upper, central and downstream locations along the River Sava. This study also represents a useful data base for long term planning for ecological management (e.g. deforestation, agriculture, industry).
